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(54) Method of manufacturing catalyst 

(57) In the manufacturing process of the exhaust 
gas purifying catalyst (3), rhodium is supported by the 
base material using the rhodium caribonyl cluster solu- 
tion in which rhodium carbonyl cluster is dissolved into 
methanol in the step of forming the upper catalytic layer 
(6) including rhodium and platinum as catalytic metals. 
By this, the dispersibility of rhodium in the base material 
is highly raised, and further rhodium is effectively 
restrained from being oxidized during the manufacturing 
process of the catalyst (3). Thus, according to the 
exhaust gas purifying catalyst (3). particularly the puri- 
fying performance of NOx at both of lower exhaust gas 
temperature and higher exhaust gas temperature is 
highly improved. 
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[0001] The present invention relates to a method of manutacturing a catalyst in which a catalytic metal is supported 
by a base material, the method being able to improve dispersibility of the catalytic metal in the base material and further 

5 able to restrain the catalytic metal from being oxidized during the manufacturing process of the catalyst. 

[0002] In general, because exhaust gas discharged from automotive engines or the like contains atmospheric pollut- 
ants such as HC (hydrocarbon), CO (carbon monoxide), NOx (nitrogen oxides) and so on, regulations on the exhaust 
gas have been strengthened worldwide in recent years. For example, in the State of California. USA where air pollution 
causes serious social problems, the corporate average NMOG regulations have been introduced, and further the reg- 

10 utation level of the exhaust gas is going to be strengthened stepwise from now on. In order to cope with these regula- 
tions, low-pollution vehicles such as LEV or ULEV must be Introduced into the market (to be introduced stepwise from 
year 1997 - year 2000). 

[0003] Consequently, to an exhaust system of the automotive engine or the like, in general, an exhaust gas purifying 
device (catalytic converter) using an exhaust gas purifying catalyst Is installed to purify the exhaust gas. Hereupon, as 
15 the above-mentioned exhaust gas purifying catalyst, conventionally, a catalyst, in which a catalytic metal such as palla- 
dium, platinum, rhodium or the like is supported by a porous base material composed of ceria, alumina, zeolite or the 
like, has been popularly adopted. 

[0004] Thus, in the specification of Japanese Patent Application No. Hei 9-57485, the applicant of the present appli- 
cation formeriy disclosed an exhaust gas purifying catalyst including a lower catalytic layer in which palladium is sup- 

20 ported as a catalytic metal by a t>ase material composed of alumina, ceria etc. and an upper catalytic layer in which 
platinum and rhodium are supported as catalytic metals by a base material composed of ceria, the lower catalytic layer 
being disposed on a honeycomb-formed carrier, and the upper catalytic layer being disposed on the lower catalytic 
layer. In the exhaust gas purifying catalyst, due to the above-mentioned construction, its heat resistance is improved, 
and further its catalytic activity at lower exhaust gas temperature is improved, while improving its NOx purifying perform- 

25 ance at higher exhaust gas temperature. In the exhaust gas purifying catalyst described above, palladium is principally 
used for improving catalytic activity of the catalyst at lower exhaust gas temperature. 

[0005] However, in tiie exhaust gas purifying catalyst disclosed in the specification of Japanese Patent Application 
No. Hei 9-57485 according to the applicant of the present application, there is still such a problem that NOx purifying 
ratio at higherexhaust gas temperature is not sufficientiy inproved. That is. for example, as to the exhaust gas purifying 
30 catalyst after an aging treatment at high temperature of 1100 **C. altiiough its NOx purifying ratio at exhaust gas tem- 
perature of 500 °C (namely, C500 purifying ratio) reaches approximately 80 % (rig test that is simulated test), tiie NOx 
purifying ratio described above would be required to be a little more improved, 

[0006] According to knowledge or consideration of the inventors of the present application, a reason why the NOx 
purifying ratio of the exhaust gas purifying catalyst at higher exhaust gas temperature is not sufficientiy improved as 

35 described above, may be supposed such that the catalytic metal is not sufficientiy atomized because dispersibility of 
the catalytic metat in the base material is relatively lower. Further, anotiier reason may be supposed such that the cat- 
alytic metal is partially oxidized during tiie manufacturing process of the exhaust gas purifying catalyst (furnadng step 
etc.) so that catalytic activity of the catalyst is lowered. In consequence, it may be supposed that NOx purifying ratio of 
the exhaust gas purifying catalyst at higher exhaust gas temperature would be sufftcientiy improved and further purify- 

40 ing ratio of each of other atmospheric pollutants would be also sufficientiy improved, if dispersibility of the catalytic metal 
in the base material is sufficientiy raised and further oxidation of the catalytic metal is restrained or prevented during the 
manufacturing process of the exhaust gas purifying catalyst. 

[0007] This invention has been achieved to solve the above conventional problems in view of the inventors' knowledge 
or consideration described above, and has an object to provide a method of manufacturing a catalyst, which is able to 
45 raise dispersibility of tiie catalytic metal in the base material and further able to restrain or prevent the catalytic metal 
from being oxidized during the manufacturing process of the catalyst. 

[0008] A method of manufacturing a catalyst according to the present invention, which is achieved to solve the above- 
mentioned problems, includes the steps of (a) mixing a metal cluster complex, which includes a catalytic metal and has 
a carbonyl group as a ligand, with an organic solvent to prepare a mixture, and (b) making a base material supporting 

so the catalytic metal by attaching the mixture to the base material. 

[0009] According to the method of manufacturing tiie catalyst, dispersibility of the catalytic metal in the base material 
Is raised so that tiie catalytic metal is stably supported in the form of ultra-atomized particles by the base material. 
Therefore, when tiie catalyst is used as an exhaust gas purifying catalyst, NOx purifying ratio at higher exhaust gas 
temperature is improved, and furtiier purifying ratio of each of other atmospheric pollutants is also improved. 

55 [0010] Another metiiod of manufacturing a catalyst according to the present invention includes the steps of (a) mixing 
a metal cluster complex (carbonyl cluster), which includes a first catalytic metal (for exanple, noble metal such as rho- 
dium or tiie like) and has a carbonyl group (one of functional groips including multiple bonds) as a ligand. with methanol 
to prepare a methanol solution of metal cluster complex, (b) attaching (impregnating) the metiianol solution of metal 
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cluster complex to a base material (for example, cerium oxide, often called "ceria"). and (c) releasing (removing) the llg- 
and from the metal cluster complex attaching to the base material to make the base material supporting (as very fine 
metal particles) the first catalytic metal. 

[001 1 ] It is preferable that the method further includes the steps of (d) drying the base material after the step of mak- 
5 ing the base material support the first catalytic metal, (e) mixing a second catalytic metal, which Is different from the first 
catalytic metal, with water to prepare an aqueous solution of catalytic metal, and (f) attaching the aqueous solution of 
catalytic metal to the base material to make the base material supporting the second catalytic metal. 
[0012] In this case, other organic solvents may be used instead of methanol. 

[0013] Hereupon, the carbonyl group (namely, =C=0) having a double bond composed of C and O, which is used as 
10 the above-mentioned ligand, abounds in both of the reactivity against metals and the variation of possible form of com- 
pounds including it. Meanwhile, methanol has a particulariy strong agency to dissolve the carbonyl cluster and solubility 
of the carbonyl cluster for methanol is higher. In consequence, according to the above-mentioned combination, the cat- 
alytic metal (particularly, rhodium) may be supported in the form of very fine particles (namely, with highly dispersed 
state) by the base material. Further, when a plurality of catalytic metals are supported by the base material, they may 
75 be supported with more highly dispersed state. 

[0014] According to the method of manufacturing the catalyst of the present invention, dispersibility of the catalytic 
metal in the base material is highly raised so that the catalytic metal is stably supported in the form of ultra-atomized 
particles by the base material. Therefore, when the catalyst is used as an exhaust gas purifying catalyst, NOx purifying 
ratio at higher exhaust gas tenperature is of course highly improved, and further purifying ratio of each of other atmos- 
20 pheric pollutants is also highly improved. However, it goes without saying that the method of manufacturing the catalyst 
according to the present invention is not restricted to the manufacture of the exhaust gas purifying catalyst and in con- 
sequence may be broadly used for manufacturing various catalysts. 

[0015] In the above-mentioned method of manufacturing the catalyst, the solvent for dissolving the catalytic metal 
cluster complex need not be methanol (for example, organic solvents such as acetone, toluene, pentane. dichlorometh- 

25 ane or the like), if only it is a solvent except water. 

[0016] In general, when water is used as the solvent for dissolving the catalytic metal cluster conplex, oxidation of 
the catalytic metal is promoted due to existence of the above-mentioned water during the manufacturing process of the 
catalyst (furnacing step etc.). However, when a solvent except water, for example organic solvent, is used as the above- 
mentioned solvent. oxkJation of the catalytic metal during the manufecturing process of the catalyst (furnacing step etc.) 

30 is effectively restrained or prevented so that catalytic activity of tiie catalytic metal is raised. Hereupon, when methanol 
is used as the solvent for dissolving the catalytic metal cluster complex, dispersibility of the catalytic metal in tiierbase 
material is much more highly raised. In consequence, when the catalyst is used as an exhaust gas purifying catalyst, 
NOx purifying ratio at higher exhaust gas tenperature or purifying ratio of each of otiier atmospheric pollutants is much 
moreinpraved. 

35 [001 7] In the method of manufacturing the catalyst, it is preferable that rtiodium is used as the catalytic metal because 
rhodium can easily form a metal cluster complex. Hereupon, tiie catalytic metal may be any metal if it can only form a 
metal cluster complex. For exanple, platinum may be used as the catalytic metal, as well as rhodium. Meanwhile, as 
the base material, for example, ceria. alumina, zeolite or tiie like may be used. 

[0018] In the metiiod of manufacturing the catalyst, by furnacing the base material after the metal cluster complex 
40 solution has been attached to the base material (inpregnation). the ligand Is easily released (removed) from the metal 
cluster complex attaching to the base material so that the catalytic metal is supported in the state of metal by the base 
material. 

[0019] As described above, according to the method of manufacturing the catalyst of the present invention, dispersi- 
bility of the catalytic metal in tiie base material is highly raised. The reason tiiereof is approximately as follows. 

45 [0020] Namely, because a metal cluster is generally a very fine group of atoms in which a plurality of metal atoms (not 
less than 3) gather together, it may be rather considered as an ultra-atomized metal particle, than a chemically bonded 
material. Therefore, according to the method of manufacturing the catalyst of the present invention, the ultra-atomized 
catalytic metal described above is supported in the present form (state of ultra-atomized particles) by tiie base material 
so that dispersibility of tiie catalytic metal in the base material is highly raised. 

so [(^1] According to a conventional method of manufacturing a catalyst, in which nitrate of the catalytic metal or the 
like is used without using a metal cluster complex, because tiie catalytic metal is supported in tiie form of nitrate at an 
eariy stage of the catalytic metal supporting step, and further because an aqueous solution is used in the supporting 
step, the catalytic metal is supported in the form of considerably larger particles by the base material and further the 
catalytic metal has a tendency to be oxrclized during the furnacing step. On the otiier hand, when a metal cluster com- 

55 piex such as carbonyl cluster or the like is used, dispersibility of the catalytic metal is raised because the catalytic metal 
is directly supported in the state of uttra-atomized particles by the base material. 

[0022] In the method of manufacturing the catalyst according to tiie present invention, because a metal cluster com- 
plex is used, tiie catalytic metal can be supported in tiie reduced state (metallic state) by the base material. This is 
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achieved by utilizing such a phenomenon that a metal cluster complex can generally educe (produce) the metallic com- 
ponent in a pure melallic state. By the way, the above-mentioned procedure is also used in other technical fields, for 
example in a process for refining metallic nickel 

5 (Ni(C0)4<^Ni+4C0). 

[0023] Various characteristics and advantages of the present invention will be further described in details by the fol- 
lowing prefenred embodiments, referring now to attached drawings, wherein like reference characters designate like or 
corresponding parts throughout. 

10 

Rg. 1 is a longitudinal sectional view of an exhaust gas purifying catalyst according to the present invention. 
Fig. 2 is a longitudinal sectional view of an exhaust gas purifying device using the exhaust gas purifying catalyst 
shown in Fig. 1 . 

Rg. 3 is a bar graph showing T50 temperature of exhaust gas purifying catalysts (Examples 1 to 3) according to 
15 the present invention with respect to HC. CO and NOx, in contrast with those of comparison examples. 

Rg. 4 is a bar graph showing C500 purifying ratio of the exhaust gas purifying catalysts (Examples 1 to 3) according 
to the present invention with respect to HC, CO and NOx, in contrast with those of the comparison examples. 
Rg. 5 is a diagram showing A/F window of the exhaust gas purifying catalysts (Examples 1 to 3) according to the 
present invention with respect to HC. CO and NOx. in contrast with those of the comparison exanples. 

20 

[0024] Hereinafter, a preferred embodiment of the present invention will be specifically described. 
[0025] As shown in Fig. 2. to an exhaust system 1 for discharging exhaust gas of an automotive engine (not illus- 
trated), an exhaust gas purifying device 2 (catalytic converter) is provided. Further, inside of the exhaust gas purifying 
device 2. there is filled an exhaust gas purifying catalyst 3 for purifying atmospheric pollutants such as HC. CO, NOx 

25 and so on in the exhaust gas by converting them into H2O, CO2. Ng and so on. each of which is harmless. 

[0026] Hereupon, tiie exhaust gas purifying device 2 is intermediately placed to an upstream portion of the exhaust 
system 1 . namely to an exhaust manifold. That is. the exhaust gas purifying device 2 is a so-called "directly connected 
type" exhaust gas purifying device. Consequentiy, temperature of the exhaust gas introduced into the exhaust gas puri- 
fying device 2 is comparatively higher. Therefore, after the engine starts, temperature increase of the exhaust gas puri- 

30 fying catalyst 3 is promoted so that the exhaust gas purifying performance of the catalyst is improved. Meanwhile, air- 
fuel ratio of the engine is set to rich one (for example. A/F = 13 to 14). which is richer than the theoretical air-fuel ratio 
(namely A/F = 14.7). for a predetermined period after tiie engine starts. After the above-mentioned period has expired, 
air-fuel ratio is controlled so as to correspond to the theoretical air-fuel ratio by means of O2 feedback control. 
[0027] As shown in Fig. 1. in the exhaust gas purifying catalyst 3, a lower catalytic layer 5 is formed (fixed) on a hon- 

35 eycomb-formed carrier (substrate) 4 made of Cordierite which is a carrier material having excellent heat resistance. 
Further, on the lower catalytic layer 5, an upper catalytic layer 6 is formed. Hereupon. Cordierite is used for the carrier 
material, but needless to say. the carrier material is not limited to Cordierite. 

[0028] The lower catalytic layer 5 basically has a construction in which palladium, which is a catalytic metal (active 
specie), is supported by porous y^lumina (r AI2O3) which is a base material. In addition, in the lower catalytic layer 5. 

40 cerium oxide (ceria) and complex oxide of cerium and praseodymium (namely. (Ce, Pr) complex oxide) are contained 
as promoters (OSC: oxygen storing conponerrt). In the (Ce. Pr) complex oxide, cerium and praseodymium have a 
chemical bonding relation to each other and are crystallized together. However, the y-alumina, the cerium cxide and the 
(Ce, Pr) complex oxide are merely physically mixed togetiier and no chemical bonding relation exists among those. 
[0029] In tiie lower catalytic layer 5. although the ratio of cerium to praseodymium in tfie (Ce. Pr) complex oxide may 

45 be optionally set. the molar ratio of cerium to praseodymium is set to 9/1 (namely. Ce/Pr=9/1) in the present embodi- 
ment. By the way. the atomic weight of cerium is 140.12, while the atomic weight of praseodymium is 140.91 , which are 
nearly equivalent, and therefore, the weight ratio of cerium to praseodymium is neariy equivalent to the above-men- 
tioned molar ratio. 

[0030] Meanwhile, in tiie lower catalytic layer 5, the ratio of the y-alumina to the cerium oxide to the (Ce, Pr) complex 
so oxide is set to 10/9/1 by weight, respectively. As expressed by absolute quantities, the quantities of tiie above-men- 
tioned three components are set to 30 g/L-catalyst (namely, weight per 1 liter of honeycomb-formed carrier), 27 g/L-cat- 
alyst and 3 g/L-catalyst. respectively Further, the quantify of supported palladium is set to 4.7 g/L-catalyst. 
[0031] On the other hand, the upper catalytic layer 6 has a construction in which platinum (Pt) and rhodium (Rh), each 
of which is a catalytic metal (active specie), are supported by the cerium oxide (as expressed by absolute quantity, 60 
55 g/L-catalyst) which is a tase material and also functions as a promoter. In tiiis event, the upper catalytic layer 6 contains 
no (Ce. Pr) complex oxide. This is because the (Ce, Pr) complex oxide lowers catalytic activity of platinum and rhodium. 
Furtiier. the total quantity of supported platinum and rhodium is set to 1 g/L-catalyst. Hereupon, the ratio of platinum to 
rhodium is set to 1/2 by weight. 
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[0032] Meanwhile, on the whole exhaust gas purifying catalyst, the ratio of platinum to palladium to rhodium is set to 
1/14/2 (namely. Pt/Pd/Rh=1/14/2). respectively Hereupon, the total quantity of the supported catalytic metals is set to 
5.7 g/L-catalyst. 

[0033] In the upper catalytic layer 6. y-alumina may be contained as a base material, but in such event, the alumina 
content In the upper catalytic layer 6 must be designed to be lower than the y-alumina content in the lower catalytic layer 
5. 

[0034] Further, in the exhaust gas purifying catalyst 3. it is preferable that the impurity content of each of the lower 
catalytic layer 5 and upper catalytic layer 6 is less than 1 wt%. 

[0035] Hereinafter, a typical manufacturing process of the above-mentioned exhaust gas purifying catalyst 3 
(Pt/Pd/Rh=l/14/2. total quantity of the supported catalytic metals=5.7 g/L-catalyst) will be described. That is, the 
exhaust gas purifying catalyst 3 is manufactured via the following steps. 

(1) Heat treatment of y-alumina 

[0036] Pure y-alumina powder is heat-treated by exposing the y-alumina powder in the air of 900°C for 50 hours. By 
this heat treatment, the heat resistance of the catalyst (the stability of the y-alumina) would be improved. 

(2) Support of palladium 

[0037] After the heat-treated y-alumina and cerium oxide powder are physically mixed together with the mixing ratio 
of 10/9 by weight, the mixture is impregnated with an aqueous solution of palladium compound (for example, aqueous 
solution of dinitrodiamineiDalladium) by means of "solution dropping impregnation process". Then, the mixture is dried 
so as to obtain a palladium supporting powder in which palladium is supported on the y-alumina and the cerium oxide. 
Hereupon, the concentration of the aqueous solution of palladium compound is set to about 4 % so that palladium of 
4.69 g (metal) is supported by the above-mentioned mixture off 58.5 g including the y-alumina and the cerium oxide. 

(3) Synthesis of (Ce, Pr) complex oxide .^i: 

[0038] After an aqueous nitrate solution of cerium and an aqueous nitrate solution of praseodymium are mixed 
together, ammonia is added to the mixture so as to cause coprecipitation. Then, the precipitate is washed and dried, 
and further furnaced at temperature of about 600*'C. With this procedure, a (Ce, Pr) complex oxide powder is obtained. 
The molar ratio of cerium to praseodymium in the (Ce, Pr) complex oxide is set to 9/1 (approximately equivalent tathe 
ratio of the same by weight). The solution should not be limited to the aqueous nitrate solution. 

(4) Preparation of wash-coat slun-y for the lower catalytic layer 

[0039] The palladium supporting powder, the (Ce, Pr) complex oxide powder (Ce/Pr=9/1), water and binder (10 % of 
the powder of catalyst materials) are mixed together to prepare wash-coat slurry for the lower catalytic layer. In the 
wash-coat slurry for the lower catalytic layer, the weight ratio of the y-alumina to the cerium oxide to the (Ce, Pr) complex 
oxide is set to 1 0/9/1 . 

(5) Wash-coat for forming the lower catalytic layer 

[0040] The honeycomb-formed earner 4 composed of Cordierite is immersed in the wash-coat slurry for the lower cat- 
alytic layer, and then an excess slurry on the carrier 4 is blown away Thus, the carrier 4 is coated with the wash-coat 
slurry for the lower catalytic layer. Further, the carrier 4 coated with the slurry as described above is dried at temperature 
of about 150^0. and then is furnaced at temperature of about 500*C for about 2 hours. In this way, the lower catalytic 
layer 5 is formed (fixed) on the carrier 4. 

(6) Support of rhodium (rhodium carbonyl cluster) 

[0041] Pure cerium oxide powder of 60 g Is impregnated with a rhodium cart)onyl cluster solution in which rhodium 
carbonyl cluster is dissolved in methanol by means of solution dropping impregnation process so as to prepare a mix- 
ture. Then, the mixture is dried. Hereupon, the concentration of the rhodium cariDonyl cluster solution is set to a prefer- 
able value so that the quantity of supported rhodium becomes 0.67 g/L-catalyst. 
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^y) Support of platinum 

[0(0^2] Moreover, to the above-mentioned cerium oxide powder to which rhodium carbonyl cluster is attached, an 
aqueous solution of platinum compound (R(NH3)2(N02)2) is dropped so that the powder is impregnated with the solu- 
^ tion. Then, the cerium oxide powder is dried. Hereupon, the concentration of the aqueous solution of platinum com- 
pound is set to a preferable value so that the quantity of supported platinum becomes 0.33 g/L-catalyst. 

(8) Preparation of wash-coat slurry for Vne upper catalytic layer 

[0043] The above-mentioned cerium oxide powder, to which rhodium carbonyl cluster and platinum compound are 
attached, is mixed with water and binder to prepare wash-coat slurry for the upper catalytic layer. 

(9) Wash-coat for forming the upper catalytic layer 

[0044] The surface of the lower catalytic layer 5 formed on the carrier 4 is coated witii the wash-coat slurry for the 
upper catalyst layer. Then, the carrier 4 coated in the above-mentioned way is dried at temperature of about 1 50**C, and 
then is furnaced at temperature of about 500**C for about 2 hours. Thus, an exhaust gas purifying catalyst 3 is com- 
pleted, in which the lower catalytic layer 5 is formed (fixed) on the earner 4, and furthermore on the lower catalytic layer 
5, the upper catalytic layer 6 is formed (fixed). 

[00451 In the exhaust gas purifying catalyst 3 obtained by the above-mentioned way, dispersibility of rhodium in the 
base materials is highly raised and further rhodium is stably supported in tiie state of urtra-atomized particles by the 
base material. Therefore, NOx purifying ratio at higher exhaust gas temperature is improved of course, and also purify- 
ing ratio of each of otiier atmospheric pollutants is highly improved. Furttier. because the rhodium cartx>nyf cluster solu- 
tion does not contain water, rhodium is effectively restrained or prevented from being oxidized during the manufacturing 
^ process of the exhaust gas purifying catalyst 3 (furnacing step etc.) so tiiat catalytic activity of rhodium is improved. 
(S/loreover. Ijecause methanol is used as the solvent for dissolving the rhodium carbonyl cluster, dispersibility of itiodium 
in the base materials is much more raised so that NOx purifying ratio at higher exhaust gas temperature and purifying 
ratio of each of other atmospheric pollutants are much more improved. 

[0046] Hereinafter, the measured results of the exhaust gas purifying performance of some exhaust gas purifying cat- 
30 alysts manufactured by means of the above-mentioned metiiod according to the present invention will be described, 
^hWe comparing tiie results with those of an exhaust gas purifying catalyst manufactured by means of the method which 
does not apply the present invention (namely, conventional manufacturing method). 

[0047] Hereupon, the exhaust gas purifying catalysts used for tiie measurements (rig evaluation, that is simulated 
evaluation) are tiie following four ones (namely, a comparison example and examples 1 to 3). 

(1) Exhaust gas purifying catalyst of comparison example 

[0048] The exhaust gas purifying catalyst of the comparison example is a catalyst manufactured by means of a con- 
ventional manufacturing metiiod. Hereupon, in the manufacturing process of the catalyst of tiie comparison example, 
^0 an aqueous solution of rhodium nitrate (Rh(N03)3) is used instead of the rhodium carbonyl cluster solution (Rh4(CO)i2) 
in the rhodium supporting step of the process for forming tiie upper catalytic layer. The other manufacturing specifica- 
tion of tiie catalyst of ttie comparison example is as same as ttiat of the above-mentioned typical manufacturing mettiod 
according to the present invention. 

^ (2) Exhaust gas purifying cafalyst of example 1 

[0049] The exhaust gas purifying catalyst of the example 1 is a catalyst manufactured by means of the above-men- 
tioned typical manufacturing method according to the present invention. 

go (3) Exhaust gas purifying cafalyst of exanple 2 

[0050] Altiiough tiie exhaust gas purifying catalyst of the example 2 is a cafalyst manufactured by means of tiie man- 
ufacturing mettiod according to the present invention, the manufacturing process of tiie catalyst is a little different from 
that of the above-mentioned typical manufacturing metiiod as described below. Namely, in tiie manufacturing process 
55 of the example 2. at first, platinum is supported on tiie base material using a platinum carbonyl cluster solution 
({Pt3(CO)6}5{N(C2H5)4}2) in tiie step for forming tiie upper catalytic layer, and ttien rhodium is supported on ttie base 
material using an aqueous solution of rhodium niti-ate. The other manufacturing specification of tiie catalyst of ttie 
example 2 is as same as that of ttie above-mentioned typical manufacturing mettiod according to the present invention. 
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(4) Exhaust gas purifying catalyst of example 3 

[0051 ] Although the exhaust gas purifying catalyst of the example 3 is a catalyst manufactured by means of the man* 
ufacturing method according to the present invention, the manufacturing process of the catalyst is a little different from 

5 that of the above-mentioned typical manufacturing method as described below. Namely, in the manufacturing process 
of the example 3. rhodium and platinum are simultaneously supported on the base material using a rhodium carbonyl 
cluster solution and a platinum carbonyl cluster solution in the step for forming the upper catalytic layer. The other man- 
ufacturing specification of the catalyst of the example 3 is as same as that of the above-mentioned typical manufactur- 
ing method according to the present invention. 

10 [0052] The measuring condition in the above-mentioned measurement is as follows. 

(1) Specification of the catalyst 
[0053] 

15 

Pt/Pd/Rh = 1/14/2 (weight ratio) 

Total amount of supported cat. metal 5.7 g/L-cat. 

(2) Condition of evaluation 

20 

[0054] 

A/F = 14.7 + 0.9 (oscillating change) 
Frequency of A/F change = 1 Hz 
25 SV = 60000 h-"^ 

Inlet exhaust gas temperature = 100 - 500 **C 

(3) Volume of the catalyst 
30 [0055] 

^ 1 inch X 50 mm. 24 cc 

(4) Condition of carrier 

35 

[0056] 

6 mil/400 cpsi 
40 (5) Condition of aging treatment 
[0057] 

1 1 00 ""C x 24 hrs (in the air) 

45 

[0058] The air-fuel ratio setting condition in the measurement (A/F = 14.7 ± 0.9) is as follows. Namely, into a main 
stream gas (synthetic gas) of a pre-deter mined composition corresponding to A/F of 14.7, which constantly flows, a 
charging gas having a pre-determined composition is charged in the form of pulse at 1 Hz so that air-fuel ratio A/F is 
forcibly oscillated at an amplitude of ±0.9. Hereupon, for example, the composition of the main stream gas correspond- 
so ing to A/F of 1 4.7 is set as follows. 



55 



C02: 


13.9% 


O2: 


0.6% 


CO: 


o.e% 


H2: 


0.2% 


HC: 


0.056% 


NO: 


0,1% 
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(continued) 



H20: 


10% 


N2: 


balance 



5 [0059] Hereupon, lor the charging gas to generate oscillation with A/F = ±0.9 amplitude, CO and H2 are used when 
air-fuel ratio A/F is deflected to the rich side (A/F = 13.8). and O2 is used when it is deflected to the lean side (A/F = 

15.6). 

[0060] The aging treatment (heat treatment) of each of the samples is performed by exposing them in the air of 11 00 
^'C for 24 hours in order to confirm their heat resistance at higher temperature. 
10 [0061] Tables 1 to 4 show the results obtained by measuring the purifying ratio of HC. CO and NOx with respect to 
each of the exhaust gas purifying catalysts according to the comparison example and the examples 1 to 3, respectively, 
while gradually changing the exhaust gas inlet temperature from 100 ^'C to 500 ^'C. 



Table 1 





Purifying performance of the comparison example 
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ft ft 
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^ftft 
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2 


110 


0 0 


ft ft 


ft ft 




^ift 
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OO.U 




3 


120 


0.0 


0. 0 


0.0 


£.0 


o^u 
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inn n 


OA n 
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ft ft 


ft ft 
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QQ n 


OD.U 


63.0 




6 


150 


0.0 


0.0 


0.0 


26 


350 


99.0 


87.0 


72.0 




7 


160 


0.0 


0.0 


0.0 


27 


360 


100.0 


86.0 , 


63.0 


30 


8 


170 


0.0 


0.0 


0.0 


28 


370 


100.0 


880 


67.0 


9 


180 


0.0 


0.0 


0.0 


29 


380 


100.0 


88.0 


66.0 




10 


- 190 


0.0 


0.0 


0.0 


30 


390 


100.0 


89.0 


65.0 




11 


200 


1.0 


0.0 


0.0 


31 


400 


100.0 


89.0 


72.0 


35 


12 


210 


0.0 


0.0 


0.0 


32 


410 


100.0 


90.0 


79.0 




13 


220 


0.0 


1-0 


0.0 


33 


420 


100.0 


91.0 


68.0 




14 


230 


1.0 


8.0 


13.0 


34 


430 


100.0 


92.0 


78,0 


40 


15 


240 


1.0 


13.0 


23.0 


35 


440 


99.0 


94.0 


73-0 


16 


250 


8.0 


20.0 


38.0 


36 


450 


100.0 


92.0 


78.0 




17 


260 


35.0 


43.0 


54.0 


37 


460 


100.0 


92.0 


65.0 




18 


270 


73.0 


64. 0 


67.0 


38 


470 


100.0 


92.0 


69.0 


45 


19 


280 


89.0 


75.0 


67.0 


39 


480 


100.0 


93.0 


68.0 




20 


290 


95.0 


80.0 


69.0 


40 


490 


100.0 


93.0 


85.0 














41 


500 


100.0 


93.0 


83.0 
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Table 2 

Purifying performance of the example 1 



No. 


Temp. [«C] 


HC[%] 


CO[%] 


NOx [%] 


No. 


Temp. [°C] 


HC [%] 


CO[%] 


NOx [%] 


1 


100 


0.0 


0.0 


0.0 


21 


300 


96.0 


82.0 


91.0 


2 


110 


0.0 


0.0 


0.0 


22 


310 


98.0 


84.0 


94.0 


3 


120 


0.0 


0.0 


1.0 


23 


320 


99.0 


84.0 


95.0 


4 


130 


0.0 


0.0 


0.0 


24 


330 


99.0 


85.0 


96.0 


5 


140 


0.0 


0.0 


0.0 


25 


340 


99. 0 


86.0 


97.0 


6 


150 


0.0 


1.0 


0.0 


26 


350 


99.0 


86.0 


98.0 


7 


160 


0.0 


0.0 


0.0 


27 


360 


100.0 


87.0 


98.0 


8 


170 


0.0 


1.0 


3.0 


28 


370 


100.0 


88.0 


98.0 


9 


180 


0.0 


1.0 


6.0 


29 


380 


100.0 


88.0 


98.0 


10 


190 


0.0 


2.0 


13.0 


30 


390 


100.0 


87.0 


98.0 


11 


200 


1.0 


3.0 


24.0 


31 


400 


100.0 


88.0 


98.0 


12 


210 


0.0 


8.0 


38.0 


32 


410 


100.0 


90.0 


99.0 


13 


220 


1.0 


15.0 


47.0 


33 


420 


100.0 


90.0 


99.0 


14 


230 


3.0 


20.0 


57.0 


34 


430 


100.0 


91.0 


99.0 


15 


240 


8.0 


26.0 


65.0 


35 


440 


99.0 


85.0 


99.0 ' 


16 


250 


31.0 


43.0 


79.0 


36 


450 


100.0 


92.0 


99.0 


17 


260 


53.0 


56.0 


82. 0 


37 


460 


100.0 


92.0 


99.0 ' 


18 


270 


77.0 


68.0 


85.0 


38 


470 


100.0 


89,0 


99.0 


1.9 


280 


89.0 


75.0 


87.0 


39 


480 


100.0 


91.0 


99.0 


20 


290 


94.0 


79.0 


90.0 


40 


490 


100.0 


92.0 


99.0 - 
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500 


100.0 


91.0 


99.0 


Table 3 


Purifying performance of the example 2 


No. 


Temp. rC] 


HC [%] 


CO[%] 


NOx [%] 


No. 


Temp [^'C] 


HC [%] 


CO[%] 


NOx [%] 


1 


100 


0.0 


1.0 


0.0 


21 


300 


93.0 


73.0 


77.0 


2 


110 


0.0 


0.0 


0.0 


22 


310 


97.0 


75.0 


76.0 


3 


120 


0.0 


0.0 


0.0 


23 


320 


98.0 


73.0 


77.0 


4 


130 


0.0 


0.0 


0.0 


24 


330 


99.0 


75.0 


77.0 


5 


140 


0.0 


0.0 


0.0 


25 


340 


99.0 


76.0 


n.Q 


6 


150 


0.0 


2.0 


2.0 


26 


350 


100.0 


75.0 


77.0 


7 


160 


0.0 


1.0 


2.0 


27 


360 


100.0 


77.0 


77.0 


8 


170 


0.0 


1.0 


0.0 


28 


370 


100.0 


75.0 


78.0 


9 


180 


0.0 


0.0 


6.0 


29 


380 


100.0 


77.0 


76.0 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



SS 
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Table 3 (continued) 



10 



15 



20 



Purifying performance of the example 2 


No. 


Temp. rC] 


HC [%] 


CO[%] 


NOx [%] 


No. 


Temp. [*»C] 


HC r%>] 


CO[%] 


NOx [%] 


10 


190 


0.0 


3.0 


7.0 


30 


390 


100.0 


77.0 


76.0 


11 


200 


0.0 


3.0 


13.0 


31 


400 


100.0 


77.0 


77.0 


12 


210 


0.0 


3.0 


24.0 


32 


410 


100.0 


78.0 


76.0 


13 


220 


1.0 


6.0 


36.0 


33 


420 


100.0 


78.0 


80.0 


14 


230 


1.0 


8.0 


51.0 


34 


430 


100.0 


77.0 


76.0 


15 


240 


2.0 


15.0 


62.0 


35 


440 


99.0 


79.0 


77.0 


16 


250 


6.0 


21.0 


70.0 


36 


450 


100.0 


77.0 


79.0 


17 


260 


23.0 


35.0 


74.0 


37 


460 


100.0 


80.0 


77.0 


18 


270 


48.0 


50.0 


76.0 


38 


470 


100.0 


79.0 


79.0 


19 


280 


75.0 


61.0 


79.0 


39 


480 


100.0 


81.0 


78.0 


20 


290 


88.0 


70.0 


77.0 


40 


490 


100.0 


81.0 


77.0 
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500 


100.0 


81.0 


79.0 
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Table 4 
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35 



40 
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Purifying performance of the example 3 


No. 


Temp. rC] 


HC [%] 


CO [%] 


NOx [%] 


No. 


Tenrp. [*»C] 


HC[%] 


CO[%] 


NOx [%] 


1 


100 


0.0 


0.0 


0.0 


21 


300 


95.0 


75.0 


83.0 


2 


110 


1.0 


2.0 


0.0 


22 


310 


97.0 


76.0 


83.0 


3 


=c 120 


1.0 


0.0 


0.0 


23 


320 


99.0 


78.0 


83.0 


4 


130 


0.0 


1.0 


0.0 


24 


330 


100.0 


80.0 


84.0 


5 


140 


0.0 


1.0 


0.0 


25 


340 


100.0 


80.0 


84.0 


6 


150 


1.0 


1.0 


0.0 


26 


350 


100.0 


79.0 


83.0 


7 


160 


1.0 


1.0 


1.0 


27 


360 


100.0 


79.0 


83.0 


8 


170 


1.0 


2.0 


4.0 


28 


370 


100.0 


80.0 


83.0 


9 


180 


0.0 


2.0 


8.0 


29 


380 


100.0 


80.0 


81.0 


10 


190 


1.0 


3.0 


12.0 


30 


390 


100.0 


78.0 


82.0 


11 


200 


1.0 


5.0 


24.0 


31 


400 


100.0 


79.0 


80.0 


12 


210 


1.0 


7.0 


38.0 


32 


410 


100.0 


80.0 


83.0 


13 


220 


1.0 


9.0 


55.0 


33 


420 


100.0 


80.0 


81.0 


14 


230 


2.0 


15.0 


67.0 


34 


430 


100.0 


79.0 


83.0 


15 


240 


4.0 


21.0 


72.0 


35 


440 


100.0 


81.0 


81.0 


16 


250 


24.0 


36.0 


82.0 


36 


450 


100.0 


80.0 


82.0 


17 


260 


49.0 


51.0 


85.0 


37 


460 


100.0 


80.0 


83.0 


18 


270 


77.0 


65.0 


86.0 


38 


470 


100.0 


82.0 


82.0 


19 


280 


87.0 


71.0 


85.0 


39 


480 


100.0 


83.0 


82.0 
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Table 4 (continued) 



Purifying performance of the example 3 


No. 


Temp. [°C] 


HC I%] 


CO [%] 


NOx [%] 


No. 


Temp. [«C] 


HC[%] 


CO[%] 


NOx[%] 


20 


290 


92.0 


73.0 


83.0 


40 


490 


100.0 


83.0 


83.0 












41 


500 


100.0 


83.0 


88.0 



[0062] Meanwhile, Fig. 3 shows values of T50 temperature of HC, CO and NOx with respect to each of the exhaust 
10 gas purifying catalysts according to the comparison example and the examples 1 to 3, the values being obtained based 
on the measurement results shown in Tables 1 to 4. In Fig. 3 (further Rgs. 4 and 5). the term "PM" means "noble metal 
(precious metal)". 

[0063] Further. Fig. 4 shows values of C500 purifying ratio of HC, CO and NOx with respect to each of the exhaust 
gas purifying catalysts according to the comparison example and the examples 1 to 3, the values being obtained based 

15 on the measurement results shown in Tables 1 to 4. 

[0064] Hereupon, T50 temperature refenred to here is the exhaust gas inlet temperature [°C] when the purifying ratio 
of each of atmospheric pollutants (for example, HC. CO or NOx) becomes 50%. That is, T50 temperature is an index 
for evaluating the exhaust gas purifying performance at low temperature or iow-temperature activity of the exhaust gas 
purifying catalyst. ifKlicating that the lower T50 temperature, the higher is the exhaust gas purifying performance at low 

20 temperature or low-tenrperature activity. 

[O0S5] Meanwhile, C500 purifying ratio means the purifying ratio [%] of each of atmospheric pollutants (for example, 
HC, CO or NOx) when exhaust gas inlet temperature is SOO^'C. That is, C500 purifying ratio is an index for evaluating 
the exhaust gas purifying performance at high temperature of about 500^C. 

[0066] As shown in Fig. 3. in the example 1 in which the cartx>nyl cluster is only used for supporting rhodium, T50 

25 temperature with respect to all of HC, CO and NOx is lowered as compared to that of the comparison example (conven- 
tional example) in which the carbonyl cluster is not at all used for its manufecturing process. In consequence, it may be 
understood that the exhaust gas purifying performance of the example 1 at lower exhaust gas temperature is extremely 
good. Further, in the example 3 in which the carbonyl cluster is used for supporting each of rhodium and platinum.:T50 
temperature with respect to all of HC, CO and NOx is also lowered as compared to that of the comparison example, as 

30 same as that of the example 1 . In consequence, it may be understood that the exhaust gas purifying performance of 
the example 3 at lower exhaust gas temperature is good. On the other hand, in the example 2 in which the carbonyl 
cluster is only used for supporting platinum, nothing but T50 temperature with respect to NOx is lowered as conrpared 
to that of the comparison example. However, it may be understood that the example 2 is also sufficiently effective for 
intending improve the purifying performance with respect to NOx at lower exhaust gas temperature. 

35 [0067] As shown in Fig. 4. in the example 1 . although C500 purifying ratio with respect to CO is merely lowered as 
compared to that of the comparison example, C500 purifying ratio with respect to NOx is highly raised (83% vs. 99%). 
Namely, in the example 1 , the quantity of discharged NOx is lowered to 1/17 of that of the comparison example ((100- 
99)/(100-83)=1/17). Therefore, it may be understood that the example 1 is extremely effective to purify NOx at higher 
exhaust gas temperature. Further, in the example 3, C500 purifying ratio with respect to NOx is raised as compared to 

40 that of the comparison example (83% vs. 88%) although it is inferior to that of the example 1 . Therefore, it may be 
understood that the exhaust gas purifying performance at higher exhaust gas temperature is good. However, in the 
example 2. C500 purifying ratio with respect to all of the air pollutants is not superior to that of the comparison example. 
Therefore, it is probable that the exanrple 2 does not have so good efficiency with respect to the exhaust gas purifying 
performance at higher exhaust gas temperature. 

45 [0088] Fig. 5 shows the results obtained by measuring A/F windows with respect to the exhaust gas purifying catalysts 
according to the comparison example and the examples 1 to 3. Hereupon, A/F window means a region (extent) of air- 
fuel ratio in which both of the purifying ratios with respect to CO and NOx are raised higher than or equal to 80%. There- 
fore, the wider (larger) A/F window becomes, the higher stability of the exhaust gas purifying performance against 
change of air-fuel ratio becomes. 

so [0069] The measuring condition in the above-mentioned measurement of A/F windows is as follows. 

(1) Specification of the catalyst 
[0070] 

55 



Pt/Pd/Rh = 1/14/2 (weight ratio) 
Total amount of supported cat. metal : 



5.7 g/L-cat 
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(2) Condition of evaluation 
[0071] 

5 A/F region = 14.0 - 15.0 

SV = 60000 h"^ 

Exhaust gas inlet temperature = 400 ''C 

(3) Volume of the catalyst 

10 

[0072] 

(|> 1 Inch X 50 mm, 24 cc 
15 (4) Ckxidition of carrier 
[0073] 

6 mil/400 cpsi 

20 

(5) Condition of aging treatment 
[0074] 

25 llO0«Cx24hrs(intheair) 

[0075] As shown in Fig. 5. in the example 1 , A/F window is wider than that of the comparison example. Therefore, it 
may be understood that the example 1 has higher (better) stability of the exhaust gas purifying performance against 
change of air-fuel ratio compared to that of the comparison example. However, in each of the examples 2 and 3, A/F 
30 window is alittle narrower than that of the comparison exanrple. 

[0076] According to the measurement results described above, it may be understood that it is particularly effective to 
use rhodium carbonyl duster for support of rhodium. 

[0077] As described above, according to the method of manufacturing the catalyst of the present invention, dispersi- 
bility of the catalytic metal in the base materials nriay be raised and further the catalytic metal may be restrained or pre- 

35 vented from beng oxidized during the manufacturing process of the catalyst. 

[0078] Hereinafter, there will be described results obtained by measuring T50 temperature and C500 purifying ratio 
of HC. CO and NOx with respect to catalysts using each of methanol and toluene as solvent for dissolving the catalytic 
metal cluster. Each of the catalysts has a two-layer structure composed of an upper layer supporting rhodium and plat- 
inum, and a lower layer supporting palladium. Thus, to each of the upper and lower layers, banum is added with a con- 

40 tent of 3 wt% in order to improve heat resistance of the catalytic metal. Hereupon, barium is added by impregnating the 
upper and lower layers with barium acetate solution after the two layers have been formed. /\nother condition of the 
measurement is as follows. 

(1) Specification of the catalyst 

45 

[0079] 

Pt/Pd/Rh = 1/17/3 (weight ratio) 

Total amount of supported cat metal - 5.25 g/L-cat. (upper and lower layers together) 

so 

(2) Condition of aging treatment 
[0080] 

55 1100**Cx24hrs 

[0081 ] Actually measured values of T50 temperature and C500 purifying ratio of the catalysts with respect to HC. CO 
and NOx are as follows. 
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(1) T50 temperature 
[0082] 





Methanol 


Toluene 


HC 


257 ^'C 


275 *»C 


CO 


258 °C 


275 °C 


NOx 


259 °C 


263 *>C 



(2) C500 purifying ratio 
[0083] 





Methanol 


Toluene 


HC 


100% 


100% 


CO 


96% 


93% 


NOx 


87% 


80% 



[0084] According to the measurement results described above, it may be understood that rf methanol is used as a 
solvent for dissolving the catalytic metal cluster. T50 tenrperature of the catalyst with respect to each of HC. CO and 
NOx is lowered compared to the case using toluene, and consequently the catalytic activity at lower temperature is 
superior. Further, It may be understood that if methanol is used. C500 purifying ratio of the catalyst with respect to CO 
and NOx is also better compared to the case using toluene. Therefore, it may be understood that methanol is a^very 
superior solvent for dissolving the catalytic metal cluster 

[0085] ;:Although the present invention has been fully described in connection with the preferred embodiments thereof 
with reference to the accompanying drawings, it is to be noted that various changes and modifications are apparent to 
those skilled in the art. Such changes and modifications are to be understood as included within the scope of the 
present invention as defined by the appended claims unless they depart therefrom. 

Claims 

1 . A method of manufacturing a catalyst, the method comprising the steps of: 

(a) mixing a metal cluster complex, which includes a catalytic metal and has a cartx)nyl group as a ligand, with 
an organic solvent to prepare a mixture; and 

(b) making a base material supporting the catalytic metal by attaching the mixture to the base material. 

2. The method according to claim 1 . wherein-methanol is used as the organic solvent in the step of (a), the step of (b) 
consisting of the steps of: 

attaching the mixture to the base material; and 

releasing the ligand from the metal cluster complex attaching to the base material to make the base material 
supporting the catalytic metal. 

3. The method according to claim 1 or 2. wherein the catalytic metal is a noble metal. 

4. The method according to claim 3, wherein the noble metal is rhodium. 

5. The method according to anyone of claims 2 to 4, further comprising the steps of: 
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drying the base material after the step of making the base material support the catalytic metal; 

mixing a further catalytic metal, which is different from the catalytic metal, with water to prepare an aqueous 

solution of catalytic metal; and 

attaching the aqueous solution of catalytic metal to the base material to make the base material supporting the 
5 further catalytic metal. 

6. The method according to claim 5. wherein the catalytic metal and the further catalytic metal are rhodium and plat- 
inum, respectively. 

10 7. The method according to any one of claims 1 to 6, wherein the base material is cerium oxide. 

8. The method according to claim 1 . wherein the step of (b) consisting of the steps of: 

attaching the nn'xture to the t^ase material; 
15 releasing the Itgand from the metal cluster complex attaching to the base material to make tiie base material 

supporting the catalytic metal; 
drying the base material; 

mixing a further catalytic metal, which is different from the catalytic metal, with water to prepare an aqueous 
solution of catalytic metal; and 

20 attaching the aqueous solutk>n of catalytic metal to the base material to make the base material supporting the 

further catalytic metal. 

9. The method according to claim 8. wherein the catalytic metal and the further catalytic metal are rhodium and plat- 
inum, respectively. 

25 
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Fig.3 



RESULT OF SIMULATED EVALUATION (T50) 



LU 
LU 

a. 

I 

o 
in 




100-^—^ 


CO 


2^ 

NOx 




PM SALT IN THE UP 


PER LAYER 


R 


Rh 


^ COMPARISON 


Pt{NH3)2{N02)2 


Rh(N03)3 


^ EXAMPLE1 


t 


Rh4(CO)i2 


EZl EXAMPLE2 


lPt3(CO)6l5lN(C2H5)4]2 


Rh(N03)3 


S3 EXAMPLES 


r 


Rh4(CO)i2 



NOTE) EXAMPLE1 : Rh CARRIED-R CARRIED 
EXAMPLE2 : Pt CARRIED-Rh CARRIED 
EXAMPLES : (Pt+Rh) SIMULTANEOUSLY CARRIED 



SPECIFICATION OF CATALYST : Pt/Pd/Rh=1/1 4/2 , 5.7g/L 
CONDITION OF EVALUATION : A/F=14.7±0.9 

SV=60000H-"' 
VOLUME OF catalyst: ^ 1lnchX50mm , 24cc 
CONDITION OF CARRIER : 6mil/400cpsi 
CONDITION OF CATALYST TREATMENT : 1100*CX24h(AIR) 
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RESULT OF SIMULATED EVALUATION (CSQQ) 






PM SALT IN THE UPPE 


=^ UYER 


Pt 


Rh 


^ COMPARISON 


Pt(NH3)2(N02)2 


Rh(N03)3 


^ EXAMPLE1 


t 


Rh4(CO)i2 


E2I EXAMPLE2 


[R3(CO)6]5[N(C2H5)4]2 


Rh(N03)3 


ES EXAMPLES 


t 


Rh4{C0)i2 



NOTE) EXAMPLE1 : Rh CARRIED-Pt CARRIED 
EXAMPLE2 : Pt CARRIED-Rh CARRIED 
EXAMPLES : (Pt+Rh) SIMULTANEOUSLY CARRIED 



SPECIFICATION OF CATALYST : Pt/Pd/Rh=1/14/2 . 5.7g/L 
CONDITION OF EVALUATION : A/F=14.7±0.9 

SV=60000H-1 
VOLUME OF catalyst: ^1inchX50mm.24cc 
CONDITION OF CARRIER : 6mil/400cpsl 
CONDITION OF CATALYST TREATMENT : 1100t:X24h(AIR) 
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Pt 


Rh 
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Pt(NH3)2{N02)2 


Rh(N03)3 


^ EXAMPLE1 


t 


Rh4(CO)i2 


EZl EXAMPLE2 


IPt3(CO)6]5lN(C2H5)4]2 


Rh{N03)3 


K3 EXAMPLES 


t 


Rh4(CO)i2 



NOTE) EXAMPLE1 : Rh CARRIED-»Pt CARRIED 
EXAMPLE2 : R CARRIED-Rh CARRIED 
E)(AMPLE3 : (Pt+Rh) SIMULTANEOUSLY CARRIED 



SPECIFICATION OF CATALYST : Pt/Pd/Rh=1/14/2 , 5.7g/L 
CONDITION OF EVALUATION : A/F=14.0'-15.0 

SV=60000H-"' 

Temp=400lC 
VOLUME OF CATALYST: ^ linchXSOmm . 24cc 
CONDITION OF CARRIER : 6mil/400cpsl 
CONDITION OF CATALYST TREATMENT : 11 00lCX24h(AIR) 
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